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Electricity Fundamentals 
Definition of Energy 
e Energy is the capacity to perform work. 


e It is the property that must be transferred to an object to carry out work or 
produce heat. 


Forms of Energy 
1. Heat - Related to temperature changes. 
. Kinetic Energy - The energy of motion, like wind energy. 
. Potential Energy - Stored energy based on position, e.g., water in a dam. 
. Light - Energy carried by photons. 
. Electrical Energy - Movement of charged particles (electrons). 


. Chemical Energy - Energy involved in chemical reactions. 
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. Nuclear Energy - Energy from interactions in an atom’s nucleus, such as in 
fission and fusion. 


Measuring Energy 


e The SI unit of energy is the joule (J), defined as the work done by moving an 
object 1 meter with a force of 1 Newton. 


e Energy is also measured in kilowatt-hours (kWh) for electrical energy, where: 
o 1 kWh is the energy used by a 100-Watt light over 10 hours. 
o 1 megawatt-hour (MWh) equals 1,000 kWh. 

Power 

e Power is the rate of energy usage over time, measured in Watts (W). 
o 1,000 Watts = 1 kilowatt (kW) 
o 1,000,000 Watts = 1 megawatt (MW) 
o 1,000,000,000 Watts = 1 gigawatt (GW) 


Voltage and Current 


¢ Voltage (V) measures the electric potential difference, analogous to the gradient 
in a water pipe. 
o 1,000 V = 1 kilovolt (kV) 
o 1,000,000 V = 1 megavolt (MV) 
e Current (I) is the flow of electric charge, measured in Amperes (A). 


o 1,000 A = 1 kiloampere (kA) 
o 1,000,000 A = 1 megaampere (MA) 
Resistance 


e Resistance (R) measures an object’s opposition to electric current, while 
conductance is the ease of current flow. 
e Resistance is measured in ohms (Q); conductance in siemens (S). 
Electrical Power Equations 


e Voltage = Current x Resistance V=IR 

e Power = Voltage x Current P=VI 

e Power can also be calculated as P=I°R 
History of Electricity and Types of Current 
Electromagnetism and Electricity Generation 


e Michael Faraday (1791-1867) discovered electricity generation by moving a 
magnet within a copper coil. 


Direct Current (DC) 


e Flows in a single direction with constant voltage. 
e Common in devices like phones, flashlights, and car batteries. 


Alternating Current (AC) 


e Changes direction periodically and is suitable for long-distance transmission. 
e Used in residential and industrial power supply due to its transformability for 
different voltage levels. 


Energy and Power System Modelling 
Energy System Modelling 


e Scientists use models to simulate energy systems and assess energy resources, 
demand, and infrastructure interactions. 


¢ Scenarios like Business-as-Usual (BAU) are analyzed to predict outcomes under 
various conditions. 


Electricity Economics 


Focuses on production, distribution, and consumption of electricity, pricing 
mechanisms, and the impacts of policies. 


Power System and Market Analysis 


Power System Analysis ensures grid reliability and includes techniques like load 
flow and transient stability analysis. 


Power Market Analysis studies supply-demand dynamics and supports market 
efficiency and renewable energy integration. 


Integrated Resource Planning (IRP): Enabling Informed Energy Decisions 


IRP supports countries in making strategic choices on policies and incentives to 
encourage investments in power plants, transmission infrastructure, and energy 
efficiency initiatives. The primary goal is to ensure a stable and sustainable 
electricity supply for consumers. IRP is a long-term strategy for balancing future 
electricity demand with resources, considering cost, environmental impact, and 
reliability over 10-20 years. 


Key Steps in Developing an IRP 


l. 


Data Collection: Gather historical data on electricity usage, population trends, 
economic forecasts, and other relevant indicators. 


Load Forecasting: Predict future electricity demand using data-driven scenarios, 
including variables like economic growth and technological advancements. 


. Resource Options Assessment: Analyze potential energy sources for electricity 


generation, including fossil fuels, renewables, nuclear, energy storage, and 
demand-side management. 
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Cost-Benefit Analysis: Assess the financial and environmental implications of 
each resource, including capital costs, operational expenses, and potential risks. 


Risk Analysis: Identify risks associated with resource availability, regulatory 
shifts, market dynamics, and other uncertainties. 


. Development of IRP Scenarios: Create multiple scenarios that balance resource 


combinations to meet projected demand. 


Plan Selection: Choose the most cost-effective, feasible plan aligned with the 
utility's objectives and regulatory requirements. 


Energy System Modelling Tools in Nigeria 
Model for Analysis of Energy Demand (MAED) 


e Projects future energy demands based on socio-economic, technological, and 
demographic scenarios, disaggregating demand by end-use categories like 
goods and services. 


Wien Automatic System Planning (WASP) Package 


e Determines optimal long-term power generation expansion plans, accounting for 
constraints like fuel availability, emissions, and system reliability to minimize 
total discounted costs. 


Model for Financial Analysis of Electric Sector Expansion Plans (FINPLAN) 


e Evaluates the financial viability of expansion plans, calculating cash flows, 
balance sheets, and financial indicators by incorporating various funding 
sources. 


Simplified Approach for Estimating Impacts of Electricity Generation (SIMPACTS) 


e Estimates health, environmental impacts, and external costs of electricity 
generation technologies, useful for assessing externalities of power projects. 


Model for Energy Supply Strategy Alternatives and General Environmental Impact 
(MESSAGE) 


e Analyzes energy flows from supply to demand, facilitating long-term planning 
by optimizing energy mixes, assessing investment needs, resource utilization, 
and environmental constraints. 


Power System Simulation for Engineers (PSS/E) 


e Simulates power system transmission networks and generation performance 
under steady-state and dynamic conditions, supporting power flow, fault 
analysis, and network optimization. 


Electric Power System Overview 


An electric power system consists of a network of electrical components designed to 
generate, transmit, and distribute electrical energy to end consumers. Its primary 
components include: 


e Generation: Converts other forms of energy into electricity. 


e Transmission: Transfers power from generators to distribution networks and large 
consumers. 


Transmission Infrastructure: 
o Equipment: Towers, insulators, cables, spacers 


o Key Components: Transformers, relays, circuit breakers, switches, 
capacitor banks, reactors 


2. Distribution: Delivers electricity from transmission networks to retail customers 
Distribution Infrastructure: 


o Equipment: Towers/poles, insulators, cables, spacers 


o Key Components: Transformers, relays, circuit breakers, switches, 
capacitor banks, reactors 


Generation Technologies 
e Hydro: 
o Reservoir-based, run-of-the-river, and pump storage 
e Thermal: 
o Nuclear, coal, oil, and natural gas (simple and combined cycle) 
e Other Renewable Sources: 


o Wind, solar (thermal and photovoltaic), fuel cells, biomass, geothermal, 
wave, and tidal power 


Power Generation Classification 


Generation plants are categorized based on operational flexibility, ramp rate, and 
minimum runtime: 


e Base Load Plants: Operate continuously to meet constant demand. 
e Load Following Plants: Adjust output based on fluctuating demand. 
e Peaking Plants: Operate during high-demand periods. 

Reasons for a Diverse Generation Mix 


e Economic: Different technologies offer various fixed and variable cost profiles, 
fitting uneven demand profiles. 


¢ Strategic/Political: Fuel diversification is essential for energy security. 


e Environmental: Different generation technologies impact the environment 
uniquely. 


Factors Influencing Generation Technology Choice 


e Demand profile 
e Economic feasibility 
e Security of fuel supplies (geopolitical, geographic, infrastructure-based) 
e Technological advances (e.g., carbon capture, hydrogen economy) 
e Political and social factors (policy shifts, environmental actions) 
e Environmental and national standards 
Load Curve vs. Load Duration Curve (LDC) 


e Load Duration Curve (LDC): Used to show the relationship between capacity 
requirements and utilization by ordering demand data in descending order of 
magnitude, rather than chronologically. 


o Helps determine the capacity requirements and capacity factor for each 
load level. 


o Allows for base load generation planning by assessing duration-based 
demand. 


Generation Costs for Power Production 
e Primary Cost Components: 


o Capital Expenditure: Includes depreciation, and interest on both equity 


and debt. 
o Fuel Costs: Vary significantly by fuel type and availability. 


o Carbon Emissions: Costs associated with emission allowances or carbon 
taxes. 


o General Overheads: Operational expenses for managing and 
maintaining the facility. 


o Standby Generation: Costs for backup power to ensure stability during 
unexpected shutdowns. 


e Cost vs. Flexibility in Generation: 


o Combined Cycle Gas Power: Known for moderate capital costs and 
flexibility in operation. 


Generation Technology Cost Profiles 
1. Base Load Power Generation: 
o Function: Supplies power for constant demand throughout the year. 
o Technologies: Traditional coal, nuclear, hydro, and geothermal plants. 


o Cost Profile: High initial capital costs but lower operational expenses. 


2. Intermediate Load Generation: 


o Function: Provides power between base and peak load demands. 


o Technologies: Older oil/natural gas steam, combined cycle gas/oil 
plants. 


o Cost Profile: Lower capital costs than base load but higher running 
expenses. 


3. Peak Load and Emergency Generation: 


o Function: Covers demand spikes or serves as reserve power. 
o Technologies: Combustion turbines and diesel engines. 


o Cost Profile: Lower capital costs but highest operational costs. 


4. Intermittent Resources: 


o Function: Primarily renewable sources that operate intermittently. 
o Technologies: Wind, solar, and some hydro. 


o Cost Profile: High capital costs with low operating expenses, but 
availability depends on environmental conditions. 


Cost Considerations for Electricity Generation 


Predictability: 


o Engineering and construction costs are generally predictable for 
established technologies. 


o Fuel: Fuel costs and availability are less predictable and are often 
influenced by global markets and regional supply. 


Fuel-Specific Trends: 


o Fossil Fuels: Oil and gas are subject to global market fluctuations, while 
coal offers more stable pricing with long-term contracts. 


o Renewables: Availability of resources like wind and water is 
unpredictable, impacting reliability. 


Transmission System Overview 


Why Three-Phase Power? 


Efficiency: Three-phase power, with each phase shifted by 120 degrees, ensures 
a continuous and balanced power flow. The three phases together maintain a 
consistent peak current, which prevents the power from dropping to zero, as 
would happen with single- or two-phase systems. 


e Industrial Demand: High-power industrial machinery needs a steady rate of 
energy input to function correctly. A three-phase system supplies this consistent 
power, reducing wear and tear on motors. 


¢ Voltage Levels: Power generated at approximately 16 kilovolts is stepped up to 
330 kilovolts at a substation, allowing it to be efficiently transmitted over long 
distances to load centers. 


Generation Output 


AC Frequency and Phase Offset: Power plants produce alternating current (AC) at 50 
Hz, with each of the three lines (or phases) offset by 120 degrees. 


e Neutral Line: A fourth, neutral line is included along transmission paths. It has 
zero voltage and is grounded at intervals along the line to safely dissipate short 
Circuits or surges. 


Voltage Step-Down Process 


¢ Voltage Transitions: Power may be transferred between transmission lines with 
different voltage requirements based on the destination. 


e Substations: At distribution substations, transformers reduce voltage from high- 
transmission levels to 11 kilovolts for distribution. 


e Customer-Level Voltage: Upon reaching customer locations, voltage is further 
reduced to 400 volts for three-phase equipment, or 230 volts per phase with 
reference to the neutral. 


Nigeria’s Transmission System Components 
1. Transmission Lines: The main conduits for high-voltage power transmission. 


2. Substations: Points where voltage is stepped down or reconfigured for 
distribution. 


3. Transmission Equipment: 


o Towers and Lines: Structural supports and conductors for power 
transmission. 


o Cross Arms: These are horizontal supports on towers that hold insulators, 
which in turn support the conductors at a set height. 


o Dampers: Devices that mitigate vibration and oscillations in overhead 
lines caused by wind, protecting conductors from damage. 


Transmission Substation Overview 


e Role: Transmission substations interconnect multiple transmission lines, allowing: 


o Switching: Isolating or reconnecting sections of the grid. 
o Voltage Transformation: Step-up or step-down of voltage levels. 
o Voltage Control: Ensuring stable voltage across the network. 

e Key Components: 


o Circuit Breakers: Protects equipment and lines from high currents due to 
faults by interrupting the current flow. 


o Switches: Use in sectionalizing transmission lines and equipment. 


o Transformers: Change voltage levels for efficient transmission and 
distribution. 


Transformer Functionality 


e Mechanics: Transformers use electromagnetic induction for voltage 
transformation. The primary winding induces an alternating magnetic field in the 
core, which then induces a current in the secondary winding. 


o Step-Up/Step-Down: Adjusts voltage by changing the winding ratio 
between primary and secondary coils. 


o Reactive Power: The opposing magnetic field created by the secondary 
winding causes reactive power losses, which may require compensation. 


Transmission Equipment 


e Capacitors and Inductors: Manage reactive power flow, enabling voltage 
control. 


e Control Boards: Allow operators to monitor and manage equipment 
performance and respond to operational issues. 


Distribution System Interface 


¢ Voltage Step-Down: At 132kV/33kV substations, transmission voltage (132kV) 
is reduced to 33kV for use by Distribution Companies (Discos). 


e System Operator Goals: To supply reliable, low-cost electricity by managing: 
o Demand fluctuations (load curve). 


o Operational costs tied to generator flexibility (ramp rate and minimum 
runtime). 


Power Distribution Process 


e From Substation to Residential Areas: Discos transfer 33kV power through 
distribution lines to injection substations, where it is further reduced to 11kV. For 
residential use, the voltage is ultimately stepped down to 415V. 


Power System Components and Stability Challenges 


e High Capital and Maintenance Costs: Power systems are capital-intensive with 
long build times and require substantial investments. 


e Stability Threats: 


Inadequate generation to meet demand. 

Lack of reserves for unexpected demand increases. 

Network component overload. 

Instability risks including transient, frequency, oscillatory, and voltage 
collapse issues. 

Protection Relays and System Safeguards 
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¢ Types of Relays: 


o Overcurrent and Directional Relays: Protect against excess current. 

o Distance Relays: Respond based on proximity to faults. 

o Overvoltage/Undervoltage Relays: Protect against voltage anomalies. 
Economics of Power Generation Technologies 


e Cost Drivers: 
o Technology: Type and model impact upfront costs and reliability. 
o Fuel: Price and availability significantly affect operational expenses. 
o Seale: Large-scale deployment can lower per-unit costs. 


e Power Plant Cost Considerations: Dependent on land costs, proximity to 
transmission lines, fuel type, and availability. 


Transmission and Distribution Infrastructure 
e Core Components: 


o Transmission Lines: Conductors, large transformers, and grounding 
systems are essential for power flow and safety. 


o Substation Equipment: Includes transformers, circuit breakers, voltage 
regulators, and protective devices like lightning arresters and disconnect 
switches. 


o Distribution Systems: Transformers, riser/dip poles, and underground 
cables ensure power delivery to end-users. 


e Power Quality and Protection: 


o Power system protection includes equipment like reclosers, circuit 
breakers, and protective relays to safeguard against faults. 


o Ensures efficiency and quality by managing voltage, continuity, and 
frequency. 


Transmission & Distribution Operations 
e System Control and Monitoring: 


o SCADA and Energy Management Systems: Used to monitor and control 
power flow across the grid. 


o Telecommunications: Ensures data communication between control 
centers and substations. 


Electricity Market Structures 
1. Traditional Market: 


o Features monopolistic structures, vertically integrated operations, and 
regulated tariffs. 


o Pricing: Fixed tariffs are based on cost-of-service models, minimizing risk 
for consumers. 


2. Liberalized Market: 


o Operates on market mechanisms with competition governing pricing and 
supply. 


o Pricing: Wholesale market transactions occur via short-term pool markets 
or long-term contracts, with investors assuming higher risks for potentially 
greater returns. 


Regulatory and Economic Considerations 
e Regulation Focus: 
o Pricing and Tariffs: Ensures fair pricing for consumers. 


o Quality of Service: Sets standards for reliability and customer 
satisfaction. 


o Environmental Impact: Addresses the environmental footprint of energy 
production. 


o Investment Adequacy: Supports efficient and sufficient investment to meet 
demand. 


o Market Structure: Regulates monopolistic power and encourages market 
competition where feasible. 


Regulatory Fundamentals 
e Scope and Focus: 


o Covers generation, network, and retail supply regulations. 
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Examines the regulatory scope, including price control, supply quality, 
and market entry standards. 


Price Regulation Methods: Compares rate of return, revenue cap, price 
cap, and yardstick regulation, highlighting each method's strengths and 
limitations. 


Discusses institutional factors such as the independence and transparency 
of regulatory bodies. 


Determination of Allowed Revenue 


Revenue Setting: Regulators set revenues to cover necessary costs for service 
provision while allowing a reasonable investor return. 


Session Coverage: 
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Explains key components of allowed revenue, including operating costs, 
capital expenses (depreciation and return), and fuel costs. 


In network-intensive sectors, the return is based on the regulated asset 
base (RAB) and the allowed rate of return. 


For retail suppliers with lower tangible asset values, revenue is typically 
determined by a supply margin (mark-up). 


Addresses multi-year revenue-setting frameworks for extended regulatory 
periods under incentive regulation, detailing revenue adjustment formulas 
for inflation, efficiency, quality, and loss incentives. 


Cost of Capital 


Allowed Rate of Return: Ensures returns that reflect industry risk and attract 
investment, commonly calculated using the Weighted Average Cost of Capital 
(WACC). 


Session Insights: 
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Breaks down WACC components: cost of equity, cost of debt, and 
capital structure, including the influence of inflation and corporate tax. 


Explores pre-tax/posttax and real/nominal WACC configurations. 


Discusses WACC estimation through the Capital Asset Pricing Model 
(CAPM), factoring in a riskfree rate and risk premium to determine 
returns. 


Participants will engage in exercises to deepen their practical 
understanding of WACC estimation. 


Efficiency Analysis 


e Objective: Identifies and incentivizes efficiency improvements in regulated 
companies through target-based incentive regulation. 


e Session Focus: 


o Reviews methods for efficiency analysis, including benchmarking 
techniques such as Data Envelopment Analysis (DEA), Corrected 
Ordinary Least Squares (COLS), and Stochastic Frontier Analysis (SFA). 


o Explains DEA (a non-parametric method using linear programming) and 
COLS and SFA (parametric methods using econometric techniques). 


o Details the process of translating efficiency scores into improvement 
targets (X-factors) for integration into allowed revenue. 


o Participants will perform exercises to apply benchmarking methods 
practically. 


Quality of Supply Regulation 


e Purpose: Complements price regulation with quality standards to ensure target 
performance and deter poor service. 


e Key Areas: 


o Groups quality into commercial quality, continuity of supply, and power 
(voltage) quality, each with distinct indicators. 


o Outlines quality regulation methods, including publication of quality 
indicators, performance standards, and incentive schemes. 


o Incentive schemes link quality outcomes to allowed revenue with 
rewards/penalties based on target vs. actual quality. 


o Exercises will help participants gain practical insight into applying 
regulatory quality incentives. 


Electricity Pricing Training Module Overview 


e Key Pricing Principles: This module covers core principles in tariff setting, 
focusing on average and marginal cost pricing. It aims to guide on pricing that 
reflects user-driven costs and supports revenue recovery for regulated utilities. 


e Industry Chain Coverage: It addresses pricing across the electricity supply 
chain—generation, transmission, distribution, and retail—offering practical 
insights on cost allocation methods and tariff structure, including aspects like 
customer classification, geographic differentiation, time dependency, and 
charges (capacity, energy, standing). 


e Practical Application: Participants will complete hands-on exercises to grasp cost 
allocation and tariff-setting processes. 


Transforming the Grid: Al, Renewables, Storage, EVs, and Prosumers 
e Interactive Coursework: Includes short videos, exercises, and quizzes. 


e Learning Objectives: Covers electricity generation, transmission, and 
distribution; AI/ML applications for grid management; digital grid 
transformation with prosumer participation; pricing for renewables and storage; 
and EV demand management. 


e Focus on Storage: Explores various storage technologies and their role in 
managing renewable intermittency for grid reliability. 


Clean, Renewable Energy & Storage for a Sustainable Future 


e Environmental and Health Impacts: Discusses pollution, health effects, and 
resource demands for energy sources. 


e Energy Technologies: Differentiates between clean renewables (wind, water, 
solar) and traditional alternatives (coal, gas, nuclear). 


e Industrial and Transportation Solutions: Examines clean energy solutions for 
industrial use and emerging transport technologies, from EVs to hydrogen fuel 
cells. 


e Policy Transition: Analyzes policies needed for a full transition to clean energy 
and storage. 


Wholesale Market Products and Services 


e Market Products: Identifies scheduled energy, frequency reserves, reactive 
power, blackstart capabilities, and long-term generation capacity. 


Regulatory Goals and Roles 


e Goals: Ensures reliable, affordable service, public safety, proper facility siting, 
and consumer rights. 


e Regulatory Functions: Sets rates, plans systems, establishes reliability standards, 
and enforces consumer protection. In competitive markets, it oversees market 
conduct and fosters market-driven outcomes. 


Centralized vs. Distributed Regulation 


e Centralized: Offers transparent decision-making, lower transaction costs, and 
enhanced stakeholder engagement. 


e Distributed: Encourages innovation with broader stakeholder input and 
maintains established roles. 


Regulatory Activities 


e Executive Tasks: Includes tariff setting, licensing, quality control, and competitive 
behavior oversight. 


e Operative Tasks: Conducts inspections and gathers required information. 


Regulatory Agency Design 


e Structures: Options include a single regulator or a board (with more stability 
and pluralism). Sector-specific regulators bring specialization, while multi- 
sectoral ones offer cost efficiency and independence. 


e Agency Principles: Key design goals include independence, transparency, 
predictability, legitimacy, and credibility. 


Achieving Independence in Regulation 


e Strategies: Transparent board selection, single mandates without renewal, stable 
financing, and restrictions on post-term employment reduce undue influence. 


Tariff Computation Methodology 


e Traditional Regulation: Uses cost-of-service with total costs as 
operation/maintenance plus rate of return, minus additional revenue and taxes. 


Electricity Tariff Components 


e Core Components: Includes rate base (regulated asset base), 
operation/maintenance, fuel/materials costs, return rate, depreciation, taxes, 
and additional revenue. 


Retail Tariff Determination Process 


e Step-by-Step: Consumer classification, cost unbundling (generation, transmission, 
distribution), further splitting into capacity and energy, assigning costs to 
consumer types, and adjusting for metering capabilities. 


Tariff Components 


e Retail Price Breakdown: Energy charge, transmission/distribution costs, taxes, 
connection fees, service charges, efficiency improvement, environmental 
charges, and demand charges. 


Retail Tariff Requirements and MYTO Considerations 


e Retail Tariff Coverage: The retail tariff must fully cover the costs associated with 
serving each customer category. 


e MYTO Framework: The Multi-Year Tariff Order (MYTO) aims to reflect the 
average cost of power generation over a five-year period. However, if gas 
prices are regulated below global market levels, supply issues may persist due 
to inadequate infrastructure for delivering gas to power plants. 


e Future Costs: As new generation projects come online, they will contribute 
additional costs to the average pooled price, potentially making MYTO tariffs 
insufficient. 


Key Retail Tariff Principles 


e Tariffs should reflect full service costs per consumer type and provide transparent 
social tariffs for only the most vulnerable groups. 


¢ Setting tariffs too low increases unsatisfied demand, while transparent tariffs and 
subsidy mechanisms, coupled with effective collections, are essential for 
attracting commercial investment in generation. 


Regulatory Asset Base (RAB) 


e RAB Purpose: A multi-year tariff design that promotes investment in infrastructure 
expansion and modernization, allowing for secure payback and sufficient 
returns to service debts and profit. 


e Asset Inclusion Conditions: 


o Assets must pass a prudency test to ensure investments are efficient and 
sustainable. 


o Incremental revenue from capital investments should exceed their costs. 


o New investments must provide system-wide benefits and maintain system 
safety. 


o Assets must be long-term, operational, and ready to meet service 
demands within 12-36 months to be included in the RAB. 


Tariff Regulation Models 


e Rate-of-Return Regulation: Sets prices/revenues based on operating costs with a 
fair return. 


e Price Cap and Revenue Cap Regulation: Establishes upper limits on prices or 
revenues, with efficiency targets, over regulatory periods typically spanning 3-5 
years, with periodic tariff reviews. 


Typical IPP Contract Structure 
Power Procurement Methods 


e Procurement Options: Can be either solicited (planned) or unsolicited 
(unplanned). 


¢ Solicited Procurement: 
o Determine the required type and capacity based on demand. 


o Issue a Request for Proposal (RfP) specifying desired capacity (MW), 
plant type, and delivery location. 


o The seller submits a proposal detailing experience, financial strength, 
wholesale price, and plant features. 


o Bids are evaluated, and the selected bidder provides a performance 


bond. 


o Regulatory safeguards are essential to prevent insider deals, collusion, 
and ensure value for money. 


Purpose of a Power Purchase Agreement (PPA) 
e Objectives: 


o Ensure adequate income for the plant operator to repay debt, cover 
operational costs, and earn equity returns. 


o Supply energy to Discos at a cost recoverable from tariff revenues or 
transparent subsidies. 


o Allocate risks to the parties best suited to manage them. 
Risks Addressed in a PPA 
e Construction Risks: Includes site access, interconnection, and testing. 


e Operational Risks: Covers off-take obligations, fuel supply, performance 
standards, and currency exchange. 


e General Risks: Encompasses force majeure, legal or tax changes, political risks, 
and changes in control. 


Roles and Responsibilities 


e Buyer: Must have financial capability and matching demand for power. If the 
Buyer is a Disco, it may require government guarantees and should be 
structured to manage transactions effectively. 


e Seller: The Independent Power Producer (IPP), either owning an existing plant or 
developing a future plant for connection to the grid. 


Key PPA Elements 


e Facility Definition: Outlines the generation facility, including installed MW 
capacity, expected output (GWh/year), and commissioning dates. 


e Operational Terms: Specifies payment structures for capacity, energy, and 
ancillary services, plus generator outage provisions. 


Payment Structures 


e Availability Payment: Paid per kW/day when the plant is operational, with 
adjustments for exchange rate variations; covers fixed O&M and finance costs. 


e Energy Payment: Paid per MWh based on fuel prices and plant efficiency, 
covering variable O&M costs. 


e Other Payments: May include costs for unit starts and ancillary services, either 
as part of the energy price or separately. 


Ancillary Services 


e Essential for grid stability, including frequency response, reactive energy, and 
black start capability. The PPA defines the generator’s responsibilities for 
providing these services. 


Generator Incentives 


e Availability and Efficiency: Incentives encourage high availability, target 
efficiency, and cost-effective fuel purchasing. Energy prices are often linked to 
gas prices. 


Outages and Third-Party Sales 


e Defines obligations for planned outages, scheduling with the Buyer and System 
Operator, and impact on the grid. Conditions for third-party sales may also be 
specified. 


Typical PPA Clauses 

General Conditions 
e Parties, Definitions, and Interpretations 
e Representations and Warranties 
e Liabilities and Indemnities 


e Project Implementation: Commercial operation dates, plant descriptions, and 
conditions precedent. 


Price, Volume, and Term 


e Contract Length 
e Seller's Obligations During Operation 


e Capacity and Energy Pricing: Includes tax obligations, fuel supply terms, and 
indexation mechanisms. 


Credit and Guarantees 


e Billing and Payment: Terms include payment guarantees and liquidated 
damages. 


e Shareholder Agreements and Financial Models 
Construction, Commissioning, and Connection 
e Performance Bond and Construction Program 


e Commissioning and Grid Connection: Covers acceptance tests and connection 
agreements. 


Grid Code, Metering, and Operations 
e Grid Code Compliance 
e Operational Planning and Dispatch 


e Metering and Ancillary Services: Covers data collection, planned and 
unplanned outages, and reporting. 


Boilerplate Provisions 
e Force Majeure: Including political events. 
e Confidentiality and Governing Law 
e Default, Breach, and Dispute Resolution 


e Insurance and Termination Terms 


Typical PPA Clauses (8) — "Boilerplate" Provisions 


e Cessation, Suspension, or Interruption: Terms for halting or suspending 
operations under specific conditions. 


e Change of Ownership: Provisions regarding the transfer of ownership of the 
plant or project. 


e Change in Law: Adjustments for changes in applicable laws or regulations. 


e Parties' and Non-Parties' Ability to Amend: Conditions under which the parties, 
or external parties, can amend the agreement. 


Assignment & Transfer: Conditions under which rights and obligations can be 
assigned or transferred. 


Novation: Terms for substituting one of the parties with a new party under the 
contract. 


PPA Schedules 


A PPA typically includes various schedules that provide plant-specific details, 
especially technical aspects. 


Due to the specific nature of each plant, detailed schedules are not provided in 
a model PPA. 


However, general outlines of typical schedule content will be made available. 


Contracts: Call & Put Options 


Call Option: A right to buy at a specified price. If the pool price exceeds the 
strike price, the seller compensates the buyer. 


Put Option: A right to sell at a specified price. If the pool price falls below the 
strike price, the seller compensates the buyer. 


These options are similar to one-sided Contracts for Differences (CfD), which 
involves buying a call and selling a put. 


Ancillary Services 


Primary (Frequency) Control: Maintains the balance between generation and 
demand using turbine speed generators. 


Secondary (Load-Frequency) Control: A centralized automatic function that: 


o Regulates generation within a control area to maintain scheduled 
exchanges with other areas. 


o Restores primary control reserve and returns frequency to its set value 
during deviations. 


Tertiary Control: A manual or automatic adjustment to restore secondary control 
reserve by rescheduling generators. 


Black-Start Capability: Enables a generating unit to start and deliver power 
without external assistance. 


Reactive Power: The ability to inject or withdraw reactive power to maintain 
voltage levels at specific grid nodes. 


Ancillary Services Management 


Managed by the System Operator (SO), ancillary services can include: 


o Direct Supply: By the SO, such as voltage control using capacitors. 
o License Conditions: Supplied by grid users, like primary reserve. 


o Procured by the SO: Through long-term contracts (e.g., black-start 
capability) or dedicated markets (e.g., secondary reserve). 


e Ancillary services are considered public goods and cannot be selectively 
provided to grid users. 


Ancillary Services 


These services are critical for maintaining the stability and security of the power system. 
They include: 


« Voltage Regulation 
¢ BlackStart Capability 


e Operating Reserves, with a particular focus on Primary and Secondary Reserves 
(Refer to Grid Code Sections 13.1.2; 15; 16; 17) 


Grid Code Specifications: 


e Section 10.1.2: The nominal operating frequency of the system is 50Hz. The 
National Control Centre will aim to keep the system frequency within a narrow 
band of +/- 0.5% from 50Hz (49.75 - 50.25 Hz). 


e Section 12.6.1(b): Every generating unit must be capable of consistently 
supplying its registered output within the nominal grid frequency range for 
safety, security, and stability. 


Power Exchanges & Auction Design 


1. Reception of Bids: Participants submit bids and offers for specific delivery 
periods. 


2. Merit Order Elaboration: Bids and offers are ranked based on price. 
3. Market Price Computation: Based on the intersection of supply and demand. 


4. Centralization & Data Processing: Measurement data is processed centrally for 
accuracy. 


5. Economic Settlement: The financial transactions are settled after matching bids 
and offers. 


6. Market Supervision: Regulatory support is provided for market monitoring and 
rule modifications. 


Simple vs. Complex Bids/Offers 


Simple Bids/Offers: 


o Bids: Price-quantity pairs specifying the maximum price a participant is 
willing to pay for a specified quantity of electricity. 


o Offers: Price-quantity pairs specifying the minimum price at which a 
participant is willing to sell electricity. 


o Market equilibrium is determined by matching supply (offers) with 
demand (bids) based on price. 


Complex Bids/Offers: 


o Bids may include constraints like technical minima, ramp rates, and non- 


divisible blocks. 


o Complex bids span multiple delivery periods, and market equilibria are 
interrelated across periods. 


Auction Mechanisms 


Merit Order: Bids are ranked in descending price order, and offers in ascending 
price order. 


Equilibrium Price (EP): The price at which cumulative quantities in the merit order 
of bids match those in the offers. 


Single-Price Auctions: Bids are accepted if the price is not lower than the EP, 
and offers are accepted if the price is not higher than the EP. 


"Pay-As-Bid" Auctions: Rarely used; the price is set according to the bid/offer 
specified by the participant. 


Bids and offers can be submitted anytime within the trading session and matched in 
real-time, or held in the "trading book" for later matching. 


Vesting Contracts 


These are established during privatization or restructuring, typically imposed by 
regulators to ease market transitions and reduce risks. 


Regulated Prices: May differ from market conditions, such as transitional 
protection for high-cost domestic fuel. 


Price Manipulation Reduction: Limits incentives for market manipulation, as only 
non-contracted output is affected by price changes. 


Gradual Reduction: Over time, vesting contracts are reduced to allow for more 
market competition. 


Organized Forward & Futures Markets 
Financial (Derivatives) Trading: 


e Electricity prices fluctuate due to the interaction of demand, supply, and 
transmission capacity, exposing participants to risk. 


e Electricity derivative instruments (e.g., forwards, futures, options) provide 
hedging against these price fluctuations. 


Types of Contracts: 


1. Forwards: These are agreements where the buyer commits to purchasing, and 
the seller agrees to deliver, a specified amount of electricity at a future date at a 
pre-determined price. 


2. Futures: Standardized forward contracts traded on organized exchanges. 


3. Options: These contracts give the buyer the right (but not the obligation) to buy 
(call option) or sell (put option) electricity at a pre-determined price within a 
specified time frame. 


Organized Market Development: 


e Organized long-term or medium-term markets will emerge if the underlying 
market prices are reliable and stable. 


Tradable vs. Non-Tradable Contracts: 


e Tradable Contracts: Standardized terms that are centrally settled in organized 
markets, fostering liquidity and allowing for purely financial transactions. 


e Non-Tradable Contracts: These are customized to specific parties' needs, involve 
default risks, and are not centrally settled. 


Centralized Power System vs. Electricity Markets 


e Supply and Demand Curves: These curves represent the relationship between 
the price of electricity and the quantity demanded or supplied. The market's 
price is determined by the intersection of these curves. 


e Merit-Order Principle: The supply side operates based on the merit-order 
principle, where electricity is dispatched in order of the least-cost generation, 
prioritizing cheaper sources first. 


e Market Clearing: Market clearing refers to how to balance supply and demand, 
determining the market price and quantity of electricity. The equilibrium point is 
where supply equals demand, setting the market-clearing price and quantity. 


¢ Social Welfare: This concept refers to the overall benefit to society from 
electricity production and consumption, including factors like efficiency and 
optimal pricing. 


e Uniform vs. Pay-as-Bid Pricing: 


o Uniform Pricing: All accepted offers are paid the same price, which is 
typically the market-clearing price. 


o Pay-as-Bid Pricing: Each participant is paid the price they bid for their 
electricity, which can vary from the market-clearing price. 


e Electricity Market Specifics: 


o Electricity as a Unique Commodity: Unlike other goods, electricity must 
be produced and consumed simultaneously, cannot be stored 
economically, and is undifferentiated (e.g., no distinction between 
electrons from different sources). 


o Transportation Rules: Electricity flows through the grid based on strict 
rules that ensure reliability. 


o Availability on Demand: Electricity must always be available when 
needed, making grid management critical. 


Energy Market Analysis 


e Centralized Power System vs. Electricity Markets: 
A centralized power system typically involves government-managed generation 
and distribution, while electricity markets allow for private sector competition in 
generation, with market mechanisms setting prices. 


e Supply and Demand Curves: As with other markets, electricity markets operate 
based on the interaction between supply and demand. The market clearing 
price is the point at which supply meets demand. 


e Merit-Order (Least-Cost) Principle: In electricity markets, the least-cost generation 
is dispatched first, ensuring efficiency in supply. 


e Market Clearing: This refers to how the market balance is achieved, ensuring 
that the supply meets the demand at the market-clearing price. 


e Equilibrium Point and Market-Clearing Price: The equilibrium price and quantity 
are where the demand and supply curves intersect, determining the final market 
conditions. 


e Uniform vs. Pay-as-Bid Pricing: These are two different auction mechanisms used 
in electricity markets, each affecting how generators are paid. 


Abuja Centenary City Scenario 
e City Overview: 


o The city is designed with industrial, commercial, and residential loads 
totaling an estimated 120 MW. 


o lt includes electric trains, electric cars, manufacturing industries, schools, 
hospitals, entertainment centers, and residential buildings. 


o The load is expected to grow as the population increases, and more load 
centers are developed. 


e Potential Suppliers: 
o Possible power suppliers include hydro, gas, and coal power plants. 


o The City Councillor for electricity is tasked with negotiating power 
capacity. 
e Markets: 


The city will interact with three primary markets: 


1. Capacity Market: Ensures that there is sufficient generation capacity for reliable 
system operation. 


2; Energy Market: Facilitates the exchange of electricity based on supply and 
demand. 


3. Ancillary Service Market: Supports power system operations, providing 
necessary reserves and system stability services. 


Capacity Market 


e Purpose: The capacity market guarantees that enough generation capacity is 
available to meet future demand, ensuring reliable system operation. Capacity 
payments ensure that generators are compensated for keeping their capacity 
available, even if it's not always used. 


e Procurement Method: 


o Competitive Bidding: Capacity is procured through bidding, ensuring 
that the City Councillor does not purchase more capacity than needed. 


o Capacity Payment: Generators are compensated for their availability at a 
price of USD/MW. 


e Incentive for Investment: Capacity payments encourage power producers to 
invest in new generation assets over the long term, ensuring reliable supply in 
the future. 


Market Types 


1. Day-Ahead Energy Market: 
A market for scheduling energy exchanges optimally, ensuring that electricity is 
available when needed. 


2. Ancillary Services: 
These are services that support the operation of the power system and are 
directly purchased by the System Operator (SO). They include: 


o Primary Reserve: Used to maintain frequency stability. 

o Secondary Reserve: Used for automatic generation control. 

o Tertiary Reserve: Manual reserve used for further stability. 

o Black Start Capability: The ability to restart the system after a blackout. 


o Reactive Reserve and Voltage Control: Ensures voltage levels are stable 
and within prescribed limits. 


3. Other Market Classifications: 
o Future Market: Contracts for electricity to be delivered in the future. 


o Intra-Day Market: Allows trading of electricity closer to the delivery time, 
providing flexibility for real-time adjustments. 


This structured approach to market design ensures that the city's growing electricity 
demands are met reliably and efficiently while also encouraging investment and 
maintaining system stability. 


Long-Term Financial Contracts and Market Types 


e Long-Term Financial Contracts: These contracts, with a duration of up to six 
years, are typically used for price hedging and risk management, helping 
participants manage exposure to price volatility in the electricity market. 


e Day-Ahead Market (Spot Market): 


o The Day-Ahead Market is cleared 12-36 hours before actual delivery, 
typically at noon of day D-1, for electricity delivery throughout day D 
(from midnight to midnight). 


o Each hour of the day has different prices and quantities, reflecting 
varying demand and supply. 


e — Intra-Day Market: 


o This market operates continuously between the Day-Ahead Market and 
real-time operation, providing a platform for market participants to adjust 
their schedules in response to updated forecasts or unexpected asset 
failures. 


o It allows for modifications to the previously set schedules based on new 
information. 


System Operator's Role and Market Imbalances 
e Transmission System Balance: 


o The System Operator (SO) is responsible for balancing supply and 
demand and maintaining voltage stability within the grid. 


o The SO uses ancillary services from participants who are willing to assist 
in stabilizing the system, either on the production or consumption side. 


e Market Imbalances: 
There are three types of imbalances: 


1. Positive Imbalance: When supply exceeds demand, requiring downward 
regulation. 


2. Negative Imbalance: When supply is less than demand, requiring upward 
regulation. 


3. No Imbalance: When supply equals demand, requiring no regulation. 
e Market Settlements: 


o The Market Operator (MO) settles market imbalances, charging 
participants who fail to follow their schedules, thus ensuring that those 
who generate or consume electricity incorrectly pay for the imbalance. 


Day-Ahead Market and Intra-Day Market Dynamics 
e Day-Ahead Market Scheduling: 


o This market allows generators to know their schedules in advance, 
particularly those with inflexible, slow-starting generation units (e.g., 
nuclear and coal). 


o It helps improve market competitiveness and reduce market power by 
creating a forward financial market. 


e Gate-Closure Time: 


o The Day-Ahead Market has a fixed gate-closure time (noon) for 
submitting bids and offers, with the market-clearing price determined by 
the intersection of supply and demand curves. 


¢ — Intra-Day Market Adjustments: 


o The Intra-Day Market exists because participants may need to adjust their 
schedules due to updated forecasts, such as changes in wind power or 


load, or technical failures of assets already scheduled in the Day-Ahead 
Market. 


This market provides a mechanism for participants to offset deviations 
(either excess or deficit) from their Day-Ahead schedules without waiting 
for the balancing market. 


Reasons for Intra-Day Market 


Flexibility in Power Delivery: 


(0) 


Since the Day-Ahead Market results in financial contracts but physical 
power delivery happens in real-time, participants may want to modify 
these contracts to reflect changes in forecasts or unexpected technical 
issues. 


The Intra-Day Market enables these modifications, helping to ensure a 
more accurate and balanced energy supply. 


Auction-Based Power Markets 


Overview of Auction-Based Power Markets: 


O 


Auction-based markets, where prices and quantities are determined 
through competitive bidding, are prevalent in jurisdictions such as the 
UK, US, Europe, and India. 


These markets play a crucial role in the power sector, with markets like 
the one in New England serving as an example, where nearly every 
megawatt (MW) of electricity produced and consumed flows through the 
market. 


Market Fundamentals 


Market: A platform where buyers and sellers interact to set prices and exchange 
goods or services. It encompasses all conditions around the production, 
transportation, and distribution of a product. 


Price: 


(0) 


Price represents the monetary value of a good or service, acting as a 
signal to producers and consumers. 


It is the term on which voluntary exchanges occur, reflecting the value of 
goods and services in the market. 


Demand: 


O 


Defined by the need and purchasing power of consumers, demand is 
governed by the Law of Downward-Sloping Demand, which states that as 
the price of a commodity rises, the quantity demanded decreases, 
assuming other factors remain constant. 


Supply Curve: 


®© 


The supply curve illustrates the relationship between the price of a 
commodity and the quantity that producers are willing to supply. Factors 
such as production costs and technological advancements affect the 
supply curve. 


Equilibrium: 


O 


The equilibrium point occurs when the quantity demanded equals the 
quantity supplied, resulting in market stability. 


Price Elasticity of Demand: 


(0) 


This refers to how responsive the quantity demanded is to changes in 
price, with higher elasticity meaning that consumers are more sensitive to 
price changes. 


By understanding these fundamental concepts, the electricity market can be effectively 
analyzed, with the goal of ensuring efficient operation, stability, and competitiveness in 
energy exchange. 


Power Exchanges: Key Concepts 


Bilateral Markets 


Bilateral Markets (also known as over-the-counter markets) rely on a cooperative 
approach to arrive at a common price for electricity. 


Major Concerns in Bilateral Markets: 
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Price Discovery: The process of determining the proper price of a 
commodity or service. 


Price Discrimination: The occurrence of different prices for the same 
commodity in different locations. 


Liquidity: The ease of buying or selling electricity without affecting the 
market price. 


Transaction Costs: The costs associated with buying and selling 
electricity. 


Power Exchanges: Definition and Function 


e A Power Exchange is a platform where a spot market, primarily a day-ahead 
market, matches electricity demand and supply for each time block, providing a 
public price index. 


e Key Characteristics: 


o Daily Auctions: Wholesale electricity prices are determined through daily 
auctions. 


o Participants: Include large energy consumers, load aggregators (who 
serve homes and businesses), power plant owners, and financial traders. 


Supply and Demand in Power Markets 
¢ Supply Curve: 


o Power producers (generators) submit bids to supply a certain quantity of 
electricity at a specific price. These bids are ranked from lowest to highest 
price, creating the Merit Order. 


o The market's supply curve is constructed based on these ranked bids. 
e Demand Curve: 


o Consumers submit offers specifying the quantity and price they are 
willing to pay, ranked in decreasing order of price (Merit Order). 


o Electricity Demand is generally inelastic, meaning that price changes 
have little effect on the demand. 


o Demand is typically set using load forecasts, assumed to be a vertical 
line at the forecasted load level. 


Market Equilibrium and Market Clearing 
e Market Equilibrium: 


o The intersection of the supply and demand curves determines the 
equilibrium price and quantity. 


o Bids with prices equal to or lower than the Market Clearing Price (MCP) 
are accepted for generators, and those with prices higher are accepted 
for consumers. 


o Generators are required to produce the amount of energy corresponding 
to their accepted bids, and consumers are informed of the energy they 
can draw from the system. 


e Market Clearing Price (MCP): 


o MCP is the price of producing one additional MWh of energy at the 
equilibrium point, also known as the System Marginal Price (SMP). 


o Both generators and consumers pay or receive SMP for every MWh 
produced or consumed, irrespective of their bids. 


Why Not Use a Pay-As-Bid Scheme? 
e Pay-As-Bid Scheme: 


o In this scheme, generators bidding below the MCP would be paid at 
their bid price, potentially reducing the average price of electricity. 


o However, such a system could discourage truthful bidding, as generators 
may understate their production costs to secure contracts, undermining 
the efficiency of the market. 


Power Exchange Characteristics 
e Market Place: 


o Can be voluntary or mandatory, providing an anonymous auction 
platform that ensures neutrality. 


e Liquidity: 
o Ensures a competitive wholesale spot trading environment. 
e Energy-Only Markets: 


o These markets do not account for technical constraints or capacity 
payments. 


e Bids: 
o Sale Bids: Include the quantity and minimum price. 


o Buy Bids: Include the quantity and maximum price. 


Price Discovery and Congestion Management 
e Price Discovery: 


o Prices are discovered through a non-cooperative approach by matching 
demand and supply, with the market clearing price serving as a 
benchmark reference. 


e Congestion Management: 


o Implicit Auctions and Market Splitting help manage transmission 
congestion. 


Key Features of Power Exchanges 
e Standardized Specifications: 


o The contracts within the exchange are standardized to facilitate smooth 
transactions. 


e Clearing and Settlement Systems: 
o Robust systems track all transactions and absorb counterparty credit risk. 
e Risk Management: 


o Power exchanges use payment security, margining systems, and eliminate 
the need for credit ratings to ensure smooth market operation. 


e Fair and Safe Market: 


o Rigorous financial standards and surveillance ensure that the market 
operates fairly and orderly. 


The Power Exchange Clearing House 
e Role: 


o The Clearing House is subordinate to the Power Exchange and acts as an 
intermediary, ensuring the financial reliability of transactions and tracking 
all trades. 


e Financial Guarantee: 


o It guarantees financial reliability by requiring participants to maintain 
margin accounts and hedging against credit risk. 


Advantages of Power Exchanges 
¢ Trade and Competition: 
o Power exchanges promote greater competition and market transparency. 
e Reliable Price Discovery: 


o The market provides a reliable price index, which can be used as a 
reference for bilateral contracts. 


e Efficient Resource Utilization: 


o Power exchanges optimize the use of limited resources like generation 
and transmission. 


e Credit Risk Coverage: 
o The exchange absorbs credit risks, ensuring stability in trading. 
e Congestion Management: 


o Power exchanges effectively manage congestion, ensuring smooth 
transmission. 


¢ Short-Term Trading: 


o They allow for trading arising from uncertainties in demand forecasts, 
promoting flexibility. 


Auction Models in Power Markets 
Social Welfare Maximization 


Auction models aim to maximize social welfare by ensuring efficient price and quantity 
determination, benefiting both buyers and sellers. 


Simple Auction Example: Bids and Offers 


e Market Clearing: The market price and quantity are determined by the 
intersection of supply offers and demand bids. 


e Offer Sets Price: The price that clears the market is set by the highest accepted 
bid from buyers and the lowest accepted offer from sellers. 


Market Settlement: Who Gets Paid What? 
e Demand Side: Payment is based on the market clearing price (MCP). 


e Settlement Process: Participants are paid or charged according to the prices 
agreed in the market clearing process. 


Forward and Spot Markets 


e Forward Market: Involves a Day-Ahead Auction, where prices are determined in 
advance, based on forecasted supply and demand. 


e Spot Market: Real-time auction based on actual demand and supply conditions, 
creating a real-time market price. 


Price Application: 
e Forward Price: Applies to cleared bids/offers in the Day-Ahead Auction. 


e Spot Price: Applies to bids/offers cleared in the real-time market. 


Example: Higher or Lower Demand 


If demand exceeds forecasted values, real-time adjustments are made, and 
prices are updated in the spot market. 


International Experience 


Examples: Various international power exchanges include Nord Pool, PJM, the 
UK, and California PX, with each having different market designs. 


e Appropriateness for Nigeria: Key decisions include: 


o National vs. Multiple Exchanges 

o Mandatory vs. Voluntary Participation 

o Bidding Systems (e.g., Supply-Side vs. Double-Sided) 
o Pricing Models (e.g., Uniform vs. Discriminatory) 


o Exchange Timings (e.g., Day-Ahead vs. Real-Time) 


PX Operation Procedures 


les 


Bidders submit their offers to the Power Exchange (PX). 


. The System Operator communicates transmission capacity to PX. 


2 
3. 
4 


Clearing House ensures financial reliability of clearing agents. 


. PX confirms day-ahead trade schedules after coordination with the System 


Operator. 


. After settlement, Clearing House issues invoices/credit notes, and banks process 


payments. 


Transmission System Congestion 


Congestion: Occurs when supply cannot meet demand due to transmission 
limitations. 


Market Response: Congestion pricing is applied when more expensive 
generators are needed to meet demand due to transmission constraints. 


Managing Congestion 


LMP (Locational Marginal Pricing): Determines the most efficient price by 
accounting for transmission constraints and losses. 


e Congestion Management: Efficient market designs like those in PJM provide 
transparency and fairness in dealing with transmission limitations. 


Balancing Market 


e Purpose: Ensures power supply-demand balance and the system’s safe 
operation. 


e Ancillary Services: These include services like reserve markets to ensure system 
stability during unforeseen demand fluctuations. Examples include primary, 
secondary, tertiary reserves, and black-start capability. 


Market Players 


e Power Producers: These include both conventional (e.g., gas, coal) and 
renewable energy sources (e.g., wind, solar). 


e Power Demands: Large consumers like industrial plants or retail electricity 
traders. 


e Market Operator: A non-profit entity that manages offers from producers and 
bids from consumers, maximizing social welfare. 


e System Operator: Responsible for ensuring system stability and dispatching 
generators based on the market clearing outcomes. 


Locational Marginal Pricing (LMP) 


e Definition: LMP reflects the marginal cost of supplying the next MW at a specific 
bus or node in the system. 


e Components of LMP: 
o Energy Price 
o Transmission Congestion Costs 
o Price Losses 
Payment Mechanism: 
e Generators: Paid at generation bus LMP. 
e Load Participants: Pay at the load bus LMP. 
LMP Examples: 


e If demand exceeds expectations, power can be procured in the real-time market 
at a higher LMP than the day-ahead market price. 


e LMP ensures efficiency by accurately pricing based on location and transmission 
constraints. 


System Operations and Market Design in Nigeria 


e Independent System Operator (ISO): Manages grid operations and optimizes 
dispatch based on economic merit and transmission constraints. 


e Day-Ahead and Real-Time Markets: The Day-Ahead Market sets prices based on 
forecasted demand, while Real-Time Market prices adjust based on actual 
system conditions. 


Causes of Transmission Constraints 


e Thermal Limits: Power flowing through transmission lines generates heat, leading 
to limits. 


¢ Voltage Limits: Excessive flow may impact voltage regulation. 

e Stability Limits: Overloading parts of the grid can lead to instability. 
Effects of Constraints: 

e Higher cost generators may be needed, leading to higher overall system costs. 
Loss Price and Calculation 


e Losses: Calculated as a function of the system marginal price and penalty factor, 
losses increase costs for both generators and consumers. 


Final Notes 


e Registration: Participants must register with regulatory bodies like NBTE and 
CAC. 


e Course and Faculty Setup: Establish curriculum modules and recruit qualified 
faculty for market training and development. 


